chromatography of the IRS resulted in most of the stimulatory activity being recovered in the first (IgG) fraction eluted with 0 01 M phosphate buffer. Some of the stimulating activity of IRS was also eluted at 005 M while rabbit TSH activity was confined to that fraction. Sephadex G-200 chromatography resulted in all of the stimulatory activity of LATS, IRS and TSH being recovered in the 7S fraction.
In contrast to this evidence that both TSH and a longer-acting material were present in IRS, we were unable to extract significant TSH activity from IRS with ethanol-salt solutions which were effective in extraction of rabbit TSH from the myxcedematous rabbit serum. We also found that a goat anti-rabbit y-globulin serum neutralized almost all of the activity in IRS.
The increases in total serum thyroxine found after immunization may indicate that some thyroidal damage had occurred. Thyroidectomized animals which are immunized do not show such increases in serum thyroxine (Table 1) . Some of them produce thyroid-stimulating activity after immunization despite replacement of thyroxine which should have been adequate to suppress TSH production. Despite our efforts to clarify this problem it is apparent that a number of hypotheses about the thyroid stimulator of IRS are still tenable. It is possible that at least some of the activity is due to TSH. Thyroid damage may be present, but not apparent in microscopic sections. Free thyroxine may fall; our demonstration of increased total serum thyroxine does not rule this out and a fall in free thyroxine would stimulate TSH secretion. The TSH released may be somehow bound to protein or an antibody so that its biological, physical and immunological properties are altered. Although all these are possibilities, the number of assumptions necessary to their development seems to us to render them unlikely. We believe the evidence favours the original hypothesis that an antibody with thyroidstimulating activity analogous to LATS has been produced. It is now well established that long-acting thyroidstimulating activity is intimately associated with the immunoglobulin IgG isolated from thyrotoxic sera , Munro et al. 1967 , McKenzie 1968 . This suggests that the thyroid-stimulating globulin LATS might be an antibody reacting with a constituent of the thyroid gland. In support of this view we wish to describe some further data on the inactivation of LATS by particulate and soluble cell fractions prepared from thyroid and kidney.
We have previously shown, in agreement with other workers, that LATS activity could be completely absorbed out of thyrotoxic serum with thyroid gland homogenates (Kriss et al. 1964 , El Kabir et al. 1966 ). However, homogenates from other organs, including muscle, stomach and kidney, were able to reduce the activity sometimes by as much as 500%, after which a plateau was reached.
To study LATS absorption more precisely we added to each serum, normal IgG labelled with 125J as a marker, and calculated the correction to be made for nonspecific adsorption of y-globulin to tissue particulates. Each sample of serum was incubated for one hour at 37°C with the tissue homogenate under study and spun for 50 minutes at 24,000 g. A control sample was incubated under identical conditions without the tissue. The supernatants of test and the control sample were dialysed against normal saline to remove substances toxic to mice. They were then adjusted to give the same counts/sec/ml to correct for the nonspecific adsorption.
We also checked the concentrations of IgG in the adjusted samples by radial single immunodiffusion and the agreement was very good. LATS activity was measured by the McKenzie method and was represented by the maximum blood radioactivity expressed as a percentage of the preinjection value. All our experimental results are calculated as a percentage decrease in activity using the maximum activity of the unabsorbed and absorbed samples.
Complete absorption was obtained with fresh operative specimens of pooled nontoxic colloid goitres, thyrotoxic glands and autonomous hyperfunctioning adenomas. There was progressive removal of activity when increasing amounts of homogenate were added. A similar curve was obtained with the autonomous 'hot' nodules although these are unresponsive to TSH. With post-mortem kidney, there was a maximal absorption of 30%, but in contrast with thyroid, a plateau was reached when only 0-1 g equiv. of wet tissue/ml of serum was used for absorption.
When LATS was absorbed with thyroid tissue, some of the biological activity could be recovered by elution at pH 3-2 where dissociation of antigenantibody complexes is known to occur. We have compared the absorption of both LATS and nonspecific IgG by thyroid and kidney homogenates and their elution by treatment at acid pH. When almost complete absorption of LATS was obtained with thyroid, only 5 % of IgG was adsorbed nonspecifically. With kidney, 23-30% of the activity was lost, whereas 8 % of the IgG was adsorbed nonspecifically. Thus the reduction in LATS activity caused by kidney is not due to nonspecific binding. In the case of the thyroid over 20 % of the initial activity could be recovered by elution with acid while no more than 1 % of the radioactive IgG marker was recovered. With kidney the recovery of LATS was of the same order as that of the nonspecific IgG marker. However, since recovery of antibodies from human immune complexes is generally low, it was impossible to say on the basis of these data whether this effect of the kidney was immunological or not.
It is possible that material extracted from the kidney homogenate could reduce the response of the thyroid in the assay animal directly. To test this possibility the experiments were repeated using TSH as the thyroid stimulator instead of LATS. The percentage decrease in TSH activity was calculated from the value at 2 hours and was plotted against increasing quantities of homogenates. Only a small decrease in activity occurred with thyroid, 22% with 1 g equiv. tissue/ml, but this decrease was not statistically significant. With kidney, in spite of scattered results, a plateau was reached when using 0-1 g equiv. tissue/ml corresponding to a decrease in activity of 35 %. With 3-4 g equiv./ml there was no further decrease of TSH activity. These results are in favour of a non-immunological action by kidney since this tissue has the same effect on LATS and TSH.
We have also studied the absorption and elution of LATS with subcellular fractions of thyroid gland and kidney obtained by differential centrifugation in 0-29 M sucrose. In these experiments an excess of each subfraction was used to obtain maximum absorption. Thyroid nuclei, mitochondria and microsomes were all capable of absorbing the activity almost completely and the recovery after acid elution was comparable for the three fractions. In the case of kidney, the nuclei and heavy mitochondria did not inhibit significantly but the mitochondrial fluffy layer, which contained most of the succinic dehydrogenase activity, and the microsomes inactivated about 30% of the LATS. The proportion of activity that could be eluted was again much smaller than with thyroid subfractions.
We have also analysed the relative effectiveness of cellular subfractions in absorbing out LATS. An experiment performed with subcellular fractions from pooled nontoxic colloid goitre extracts showed that the microsomes were the most efficient, in agreement with Beall & Solomon (1966) and . Thus 8 mg of this fraction removed LATS activity to the same extent (40 %) as 16 mg of mitochondria and 53 mg of nuclei. However, since all the subfractions were capable of absorbing out the entire LATS activity, if added in sufficient amounts, it appears that differential centrifugation is not a suitable method for separating the antigen reacting with LATS. Nuclei and heavy mitochondria from kidney did not absorb significantly even when added in large amounts, whereas light mitochondria and microsomes behaved similarly to whole kidney homogenate.
In view of the poor separation obtained, it was decided to study the effect of the soluble portion of thyroid saline homogenate in absorbing out LATS activity. This fraction was obtained by spinning the tissue homogenate for 50 min at 24,000 g, concentrating the supernatant by freezedrying and finally centrifuging for 3 hours at 150,000 g. This is known to sediment all the intact particulate cell structures but small lipidrich membrane fragments may fail to come down even at these high speeds.
The thyroid cell sap inactivated LATS almost completely and even after repeated spinning for another 3 hours at 150,000 g, 77 % of the activity was neutralized by this soluble fraction. With the kidney sap prepared in the same way, there was very little inactivation both before and after further spinning. Thyroid and kidney cell sap had no effect on the activity of bovine TSH, suggesting again that the thyroid was reacting with LATS specifically.
In another experiment we tried to prepare a soluble thyroid extract by a different method. A washed thyroid homogenate was incubated for 1 hour at 370 C with phosphate buffered saline, pH 73, containing 1% BSA to protect the proteins, left overnight at 50 C, then spun down at 150,000 g for 3 hours. The soluble extract reduced LATS activity to the same extent as did the cell sap fraction and the degree of inhibition increased with the amount of tissue used to prepare the extract, taking into account the normal variation observed between different experiments and tissue pools.
These extracts were passed through DEAEcellulose using solutions of increasing ionic strength. Three peaks were obtained, but only the breakthrough in 0 1 M phosphate, pH 6-5, was able to neutralize LATS. Thyroglobulin could not be detected by immunodiffusion against a Hashimoto serum and therefore did not seem to be responsible for the inactivation of LATS in these experiments.
In conclusion, the absorption of LATS by thyroid tissue and its recovery after acid elution are consistent with the view that it is an antibody. The antigenic site is probably thyroid specific though some absorption occurs with kidney and other organs which cannot be attributed solely to nonspecific adsorption of IgG. However, the results with TSH suggest that the effect of kidney is not immunological. The antigen cannot be purified by differential centrifugation. It may be present in the cell membrane, and conventional methods may well distribute the material over all subcellular fractions. In support of this view, Bradbury in collaboration with us has observed by electron microscopy that LATS stimulated the formation of endocytic vacuoles in thyroid epithelial cells as seen by the uptake of ferritinlabelled LATS-IgG. Material which inhibits LATS appears to be extractable in a soluble form. The neutralizing fraction purified by chromatography on DEAE-cellulose does not contain appreciable amounts of thyroglobulin. It has yet to be established that this inhibition represents a true immunological reaction. (Hall et al. 1967 ). We report here our experience of 42 patients referred with this provisional diagnosis. In the event, 26 patients were considered to have ophthalmic Graves' disease, in 6 patients the clinical and laboratory findings were insufficient to reach a firm diagnosis, 2 patients had undergone spontaneous remissions from hyperthyroidism and 8 patients had other diseases responsible for their eye signs.
Clinical Features
The ocular manifestations of Graves' disease consist of exophthalmos, bulging of the eyelids, lid retraction and ophthalmoplegia as well as varying degrees of conjunctival irritation and chenlosis. Of the 26 patients with ophthalmic Graves' disease, 11 had unilateral and 6 bilateral exophthalmos; 9 had bilateral bulging of the eyelids; 11 bad unilateral and 6 bilateral lid retraction; 6 had unilateral and 6 bilateral ophthalmoplegia. Asymmetry of exophthalmos averaged 2 mm, only 1 patient having asymmetry (8 mm) exceeding 5 mm. Most patients presented within 6 months of the onset of symptoms and the
